Best Available Copy 

WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

H04B 1/12, H04L 25/03, 25/02, H04B 
7/005 ' 


Al 


(11) International Publication Number: WO 98/38750 
(43) International Publication Date: 3 September 1998 (03.09.98) 


(21) International Application Number: PCT/SE98/00260 

(22) International Filing Date: 13 February 1998 (13.02.98) 

(2J0)t Priority Data: 

08/808,823 . ( , 28 February 1997 (28.02.97) tfS ; 

(71) Applicant: TELEFONAKTTEBOLAGET LM ERICSSON 

' (pub!) [SE/SE]; S- 126 25 Stockholm (SE). ' ! 

(72) Inventors: SKOLD;' Johanr Otto Bohdes^Vag ~V22[ S-184 62 

Akcrsberga (SE); HO©K; Mikael; BagarbyVageri l: 'I5, S-191; f 

1A CnlUnhmo /C.CV tTTW/ A r OT*lC C/^VW KTIIt"* Ajf AsiKAi*rro*r\1<Vf ■- 

oouentuna (^ii^.^Jai^VAKUootJiNviNHSi Meaoorgarpiat- 
sen 11, S-l 18 26 Stockholm (SE). <= ■ ■ si: ' 

(74) A'gent: ERICSSON .RADIO SYSTEMS AB; Common Patent 
t)ept., S-164 80 iStockholm (S^i. . t 

-f; \ ^ '■- 

'A*;.- Li::".: V»l - ' - 

,tr. y 


(81) Designated, States: AL, AM, AT* AU. .A2, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, r EE t ES, FI, GB, GE, 
GH, GM, GW, HU„ ID, IL; IS, t JP^KpE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, . Ly v MQ^G, MK, MN, MW, 
MX, NO, NZ, PL, PTj RO, RU, SP. $E, SG, SI, SK, SL, TJ, 
TM, TR. TT, XlW; UG;' Ufc, Vn" YjU, 2W, ARIPO patent 
(GH;GM, ICE,' l£!'wti;SD. SZ'tjfc.^ZW), Eurasian patent 
' J ' (AM, AZ, BYrKG, 'kifMD, feO, TJ, TM), European patent 
' ' (AT, BE/CH, DE, bk/ES,Fi', HR. GB, GR, IE, IT, LU, 
! MC/NL; Pt; SE), 6iVPI patent (BF, BJ„ CF, CG, CI, CM, 
l ; 4iw - GA, GN; ML, MR, NE, "SNJ 1 Tl!>, TG). ; ■ 

.\Piiblished" * ' 1 ' " : ' ' . ( " , . ' . . 
w itfi inter FicLitoTU+i actircn rGpor t t.^ 

-' - ' . : i • ■*■-.<• - 



(54) Title: RECEIVER APPARATUS, AND ASSOCIATED METHOD, FOR RECEIVING A RECEIVE SIGNAL TRANSMITTED 
UPON A CHANNEL SUSCEPTIBLE TO INTERFERENCE 




96 



92 



136 

J— 



94 
A. 



CHANNEL 




ESTIMATOR 


104 



T 

_98_ 

102^1 



RESIDUAL 
INTERFERENCE 
ESTIMATOR 

S 

106 



112 



^-134 



SELECTOR 



108 



128 



SINGLE- 
CHANNEL 
DETECTOR 



JO 



NT 



DETECTOR 
118 



114 



(57) Abstract 

Apparatus (92), and an associated method (200), for estimating an interfering-signal component portion of a receive signal received 
at a receiver (76). The training sequence associated with the interfering-signal component portion is determined (94), even without: 
prior knowledge of the training sequence associated with such interfering-signal component portion. Once the training sequence of the 
interfering-signal component portion is determined, the receive signal is selectively (108, 136), jointly detected utilizing a joint detector 
(118), the interfering-signal component portion of the receive signal is better able thereby to be canceled or otherwise suppressed. 
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RECEIVER APPARATUS, AND ASSOCIATED METHOD, 
FOR RECEIVING A RECEIVE SIGNAL TRANSMITTED UPON 
A CHANNEL SUSCEPTIBLE TO INTERFERENCE 

The present invention relates generally to digital receivers operable to receive 
a receive signal transmitted upon a channel susceptible to interference, such as co- 
channel interference. More particularly, the present invention relates to apparatus, and 
an associated method, for identifying an interfering-signal component portion of the 
signal received by the receiver and for selectively suppressing the interfering-signal 
component portion out of the receive signal. 

The interfering-signal component portion is identified even without prior 
knowledge of a training sequence associated with, and forming a portion of, the 
interfering signal component portion. The receive signal is analyzed, first to identify 
a training sequence associated with an interfering signal "component portion. And, a 
determination is made of the manner by which to recover best the wanted-signal 
component of the receive signal. A selection is made either to recover the wanted- 
_ „ signal componemofj^ . 
component pompn^togejhes v with. th^ .wanted signal ^component and thereby 
: sjigpje^iqg^re^ Qor£pqn.eirt portion; ^ orrtoo-eooyer .the* wahted-signab - 

component by detecting merely! the wanted-signal component of the receive signal: 7 1 
When embodied -ur ; a --[celliifiar communication ' systerh, operation of an 
embodiment of the p^esj5rit; L i|i^entipfi facilitates better suppression of corchannel7j 
^interference. Because .co-channel interference is better able to be suppressed, channels 
defined ift'a cellular communication system can be reused in a more efficient manner, , c 
: .thereby toincrease system capacity. For example, the number of cells forming a celh i 
. cluster pattern can be reduced. - - ; 

BACKGROUND OF THE INVENTION ' . * ■ 1 " 

Utilization of digital communication techniques ; to fcomnpiinicate informjati^ji"; 
between a sending station ajia^^ecei^ng station has become increasingly popular' in. 
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^ . recent X^ars. Radiq communication systems, such as cellular communication systems, 
o >t ^ of communication systems which are increasingly constructed to utilize 
. ... . (digital conununicatipn techniques. r. . 

^PF?™w;c^tion phannels formed between the sending and receiving stations 
< ?^ ^^^v^l [ ^^^^9^^^ ! ^ are defined upon a portion of the electromagnetic 
: _spe£tn^ are defined, at least 

i*? T P^r.yi? 011 . carrier ...frequencies, "carriers'^ within the allocated bandwidth. The 
.bandw?4th, allocated, and available, to. ;a : ;igtdjo communication. system' is- usually 
limited. And, the communication capacity of the radio/cbmmunication system is 
defined, inter alia, t^y, and limited by, the bandwidth allocated to the system. 

In a multiuser radio communicatioQiSystem, 5uch as a cellular, communication 
system, communication capacity limitations, sometimes prohibit additional users from 
utilizing the communication system as^a result of ^bandwidth limitations; - By utilizing 
niore efficiently the .bandwidth .allocated . to -the communication:, system, the 
. cojnmuni cation capacity of the system can be increased. - ;c 
<.^vU -J ( he bandwidth, allocated to a radio:, communication system can be more 
efficiently ~ utilized,,, if digital communication techniques are used to transmit 

: forming links between 

a sending station and a receiving station. v /b* n : . 'r i . .v. 

•,-..,.■» , r r J^ep t a : con^ < 
;■/.- tech^que^^^qim^tiQna sometime?; digitized and modulated upon a 'carrier 

utilizing a selected modulation technique, such as, for example, a-; QPSK (Quadrature 
Phase Shift Keying): or a GMSK (Gaussian Minimum. Shift<Reying) technique. Use 
- other;, modulation, [techniques are spmejimes: alternately, utilized ! Because the 
.information signal is digitized, _ the .communication signal formed therefrom can be 
-transinitted by a sending station ;Upon.a,communicatioh channel in discrete bursts. 
. : W !? ei *' , the ..9 om ^y™ ca tipn signal is transmitted in discrete bursts, the bursts are 
* r . : concatenate^^^ b, j. ■_. . 

- > Be 99K se i communication signals can. b^ transmitted in discrete- bursts, time 
division .mujitiplexing of a pairier is permitted:; Two. or rnbre^hannels can : be defined 
upon a single carrier. 
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. n< vrlivat least one : type' of cellular communication system, a system constructed 
/ .. pursuant - to *: the (Operational specification of the . Global ' Systeih*' for ^Mobile 
communications (GSM), a digital communication technilqW is utiliicdf. Cartters of the 
:\ /bandwidth allocated to the' communication system ai t e : dividfeB4mb *eijght time slots. 
Eight-way time division multiplexing is provided in such a commtoVcatioh system, 
.arid bursts of cbmmunicadonrsigriSl portions-are frfinsmfftecl befwe^ a sferidili'g station 
arid a receiving r station on selected 1 ^6ries t>F$tich time* sldts/" Carrier/time slot 
combinations. fdmi:iherc(^miMicati6fi channels lipon Which ! idle communication 
signals are 'transmitted. i * "*;> -ryji.-cu - re. • :>j 

- ; Standard protocols 'set forth in the GSM operational specification, define the 
. > : . structurcof normad bursts corflmtinicatSa during time slots defined in the GSM system. 
:* *; zft&s Communication signal }>drtions^#fiismlfeed during the : time slbts defined in the 
v::d.2QSMsxstem;«etf fifeld and a training sequence field. The 

training sequence field is formed of a seties r of bits, known to the receiving station. 
The purpose of transmitting JcnGwn^l&to the receiver i&'tb'alfow the receiver to 
equalise jthe r channel: -TypicaHy y the : sigrfar is distorted v^hen it' propagates through the 
radio medium and the equalizatidft: allows for ^^eivdr r ta festinfate *iHe bilarinel 
impulse ^response, ; i.e., Jiowrrthis - distortiori^has -'^efetfeaftfiS^ si^ritff (hiring its 
transmission to the receiver. .i, .->??£;-: u;kv ie:;s7 >; bt:& nor s £iz ^rJ* v.:. c 

- ^ ^statibn to facilitate 

~ dqtect^jatfithe infoiixiatio ~(fate f fi&d£ddnm with 

the:traintog sequence field:"! rbi;s .xi-Anni**: : ." • i - - -^ - ~ :: 4 
s^a L r €eUul^ utilizing coni^entidriai analog 

r -j;tssbm;qud»3Wxd alsro. those utilizin^digital coi^uhieatiotf techniques cells 
I . |hroughQiS:a;geogra^)hical area iericotffpassed by the cellular communication system. 
r > jV . Collections. Of rcqlls form cell eiustet&->-?fi each* cell- bluster, 'the- total available 
rs, r : ;band width -allocated: to the communication system <is utilized;* Th : sifccfessiVe cell 
clusters, the allocated bandwidtbis reused. -The 'coriMt^^ by 
;:: $e. ; nurpber af chaimefe-whidr ca&; be defined ~ upon ^ is 
' effectively increased by reusing the. channels irt ^ : ' 
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A problem sometimes associated, with reuse of the bandwidth is co-channel 
interference. When^commimication signals are transmitted concurrently in different 
cells upon the same communication channel, such concurrently-transmitted signals 
sometimes interfere with one another; such interference is referred teas. co-channel 
interference. Co-channel interference makes detection of the wanted^signal received 
at . a receiving f station more difficult., If s levels.., of co-channel interference are 
^ significant, the quality of the. signal detection might be. inadequate. t 
~ * Re 9 e * v ^£ stations whjqh recqiVe.QQi^ 

digital communication techniques sometimes include equalizer circuitry to facilitate 
signal detection of the informational contentof a communication signal received at the: 
receiving station. Typically, the training sequence forming a portion of a 
communication signal is utilized by, the, equalizer to facilitate the detection of the 
informational content of the >vanted-sign^,-received at the receiving station^ 

When the receive signal received at the receiving statipn is, formed .of both a 
: ^^ te 4" si 2 nal component and also an interfering^signal component, -an equalizer can 
be constructed to jointly detect both the wantedrsignal component and the. interfering- 
signal comppnent. In sup^jEUi i equalizer, however,the training sequences associated 
t .< must 

topically boA ; be Joip^. ; ^ile : ^ 
. % signal comj>ppent i? jtypip^Uy. l^qym, to, the qei ving i station^ the, tr^ning-sequence 1 
associated with an interfering-signal component portion forming At least apportion of 
, ^ ; ^ e ^??^S;pig^. component is ^t necessarily and^typically is not, known to the 

- : r !? ei ^ lg t ; sta J tion -> ^ itf ?? u ^ ^wledge of the.training sequence of the interfering-signal 
, component pprtion,, exiting receiving stations ^p; typically unable, tp properly detect 

- r.r ^: d , s HRR r ??-S such an inte^ring-signgil, component poi$ipn of 9 receive signal. 

u ' - . ;? ^ 1 ? 1 ^ mier whi ch to .permit a receiving station 'tp determine better the 
interfering-signal component portion . of a receive, signal received* at the receiving 
r ^i° n ^puW component 
.P 0 ^?^ ssp^ession, of such interf^ring^sigiial: ^cpn^ppnent, portion can.be better 
effecmate^. j^ereby, Jxmdwidth reuse can be y made;'more efficient,: resulting in 
increased commutation capacities of Ae- ; c^mmunieatipn system: - . . , ■ 
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* -It is in light of this background information related to digital receivers that the 
■ * ' - : significant improvements of the present invention have evolved. 

SUMMARY OF THE INVENTION * ! ' ' ? ' ^—- rn: ^ r ■ 

- ■ - ' r ^ The present invention advantageously provides apparatus, - and an associated 
'method, for identify ing'ari inte'rfering-sf^&f Component portion ofa receive signal 

which is most advantageous l td &p^s£i'th&^ station. Once 

. ! identified; the'MtbfeHfcg^^^ out of the 

receive' 1 signal:- The f Merferihg^sigriaT'com is suppressed if such 

* suppression would facilitate detectibn of a Wanted-sighal component portion of the 
. receive signal. % V-- 1 -v :;ifIi/ . • ,: * ■ ^ ' 

v. a -;:o-. Operation of ah embbdimehtbf the present invention estimates one or more 
interifeHngrsignal <Somp6h6rit porfitfes without requiring training sequences associated 
ivit&thfcndne or more interfering-signat component portions to be known in advance. 
' rThe teceiv^ Sl^ial is analyzed,- 'fiiMati&ermine the training Sequence associated with 
thfe on&'drtaott ifite^fihg-^igiial' tbtiipfonent portions. '* ' r ' ' ' u ' ° w ' J 
- :: ; Thereafter/ a selection is L mSde T of the ; niann^r by 4 which to detect 'tiie wanted- 
n signal' component :oFfhe deceive -signal. Th£'&ante&^ detected 
sir eithk%^ind^defe^ 

.:3ii^\^^^^'fco!^dnferft »r tfrtfefei^ of the 

i . 'rec^ve^signal^^"-'^ v-**** i'ttrroqTcs :. >::-■:,. «ir"v/ bsxir.:* 

; o * . . . In one aspectof the pr&reB£ ifiv^tic^n;^pparattis , ^d^eilio^ is' efnbociied in 
:: ; ?-ancellulw comHmni£ationVsy&^ : 6t a^'wanfed-signal 

: component received at#l^ceiH4hg^alibn^ The receiving station ]s formed of a mobile 
terminal/when dowMink' signals ar^ttrismitted 'thereto.' And, the f ecervihg station is 
: .formed rof a radi6 base stiftitm * of -the* network infi^tructure' 6f the cellular 
:tv:'. conrnumic&tion System when uplink sigriate afe transmitted thereto.- ~ " r r ' 
u:ca:icj By pro^idirig^the ; ^pal?ility to idefttify;^e^* knd J&ili&y suppress the 
interfering-signal c6rnp6neht r portion eveS-withoiff "prior &OWfed§e oT'lfie training 
sequence tosoci^d -therewith, : ihe receiving stafibfi ■is J idrSetirries bWer able to 
recreate the informmioiiai-'c^^df Ae-waited-sigiial ct>mp6n5it. 
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, . . , Better, suppression of co-channel interference is facilitated through operation 

• ^ of an eip^odiment .of the .present invention. Because of such improved ability to 
: ; : -ys Suppress such interference, the channels defined in a cellular communication -system 
r s 0 ;. &f flWe .to f be r^usedJn a more efficient manner, thereby ,ta permit att increase in the 

5 . t communication capacity pf the system, ; ' x ;••„ ? 

* ~: ;< Q a P9^ er '^SP 6 ?* ?f: fte present invemion, the wanted 

reqeiye. signal is detected jpintly^^ A joint 

~ r channel estimatejs calculated for the wanted^ignaliin addition^tb an interfering signal 
. component potion or more than one interfering signal': component portion. A value 
10 of residual interference is calculated fqr each .of the calculated estimates. The value ' 

of residual interference is an indication Of the interference! remaining after detection. 
The iiiterfering-signzil component portion that can be most efficiently suppressed is 
} . that .which exhibits a lowest estimate of residual interference.. The" most efficient 
: suppression is, e.g., ; that which permits maximization* of the quaaity-of the r detected, 
15 ; : . warned data. . ; Such an interfering-signal component portion is suppressed out of the 
; :/^f^Y e ^gP^- And, f^errrtecfeiyer operations are ithereafter perfomied upon the 
• v rernainipg ; signal portion. , ^ -.-.^loir- .. * ; \ v . . . i: . • • r.-; 

:■ ^..^l. ^P^ e ^^PPPTPf the^resentinventiori, ^channel estimate is -further made 

>:i J qf 9$y of residual interference is calculated 

20 , < K '^^^S^hr l^^puJate^ the Value^of residual -interference 0 

..- r.j of . % ^W?,^ value calculated -for joirif channel estimation. Utilization of the joint 
r deteptoris made if th? residual interference calculated therefrom is of a lower value 
than /5 he '. val H e °f: residual interference calculated responsive to the single-channel 
detector. And, if die residual : interfefence::valiiie generated responsive to the single- 
25 channel detector is of a lesser value;, than .the residual interference "calculated - 
,; . responsive to the jpinV detector^ ;thei;single^chaimel detector is Mstead utilized. 
* . : x 1^T?ky r the t^i^ng sequence associated with!an interfering-signal edkhponent portion 
r i r v?„^ a ^ e P eiye r s i^^i*, at i? mpst efficiently suppressed Ss-detennmed and; utilization of 
. a S. e P er ated;by a joint detector <or a single^channel detector is further ma3e. In 
30 ; , v analogous.fashipn, more than r one interfering^sigilxal component portion' tii also be 
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r _ f j , t - , Inisfill another aspect of the present invention, apparatus^ afid an associated 
r| method,- is-operable in a radio receiver Which receives a rfeteive signal? The receive 
signal is formed of a wanted-signal component' aiiid anMerferirig^gifaf cdrfiponent. 
: Xhe-j^terfering-signal component 'is fonnedof aft lea^'* L 6ne ;H ih^erfefi^ 
5 component portion. The wanted-signal 6omponerit\ha$-a first 1 ^ammg 1 sequence 
j , associated, therewith. And/ the* at least one intefrfefing-sigrial com£>6n^nt portion has 
/ at least ^ secondrtminingsequenceiassociatda the^e^tti. '* The'first aria kt lfeasfsecond 
ti : training, sequence^: respectively* 2arerselecteii from-a s&t'of traiiifri& : i£quert&eS. The 
firsttrainmgisequenee ifeof a valiie known to the receiv^ atl^sfwhdri thb Signal is 
10 .. . received at thereceiver. The aj>para£tus;-and the nfethbd, determines the value of the 
n w. atleast second training sequenced Channel Estimator is "&>upled to redeive at least 
z- r.y.^^ications.p^the receive* signal, received at the iecefvtefi The channel estimator 
: i regenerates .grpups^>€channel ^stimateswhferein the channel estimates of each group are 
. - • repigse^tiYfe i>/ Qharacta?istics'of lestk^ted channel* estimative of dhahrielS upon 
1 5 ^ > _ whickthe receive signal is transmitted fe the receit*ef. The channel estimates 6f each 
group include ^estjinatesrbfxhannels upon which mterferirig-signal &mpom;nt portions 
are transmitted. The interfering-signal component portions hSvi^assbeiaKed tfierewith 
1:7 , trying, sequences of theSetofib^ru^^^ estimator 
L'SJfii J?; C9vpledtp jeceiye indicatioias/of the estimatesrf&i*aed %yjtft^^faftei^sti^t6f. The 
20 by 
j the-residual^interfeiehcefestiihator^^ channel 
-ch e ^niat?s of the groups of chama^stimates^sdm^ted^y the chahriSl ekimator which 
•r ?xhM l £ va l ue of rteiduaL interference of .^desired value: TKfe training 'sfequehce or 
sequences associated .wklrthe grhnpjof channel e^imMes Selected %y the selector is 
25 <..av. det ? mi J?^4^o tofc.va&e-of theatJea^^ • " 

. iji- r In ?n<>ther aspect of the^present invention^ th£ wanted-sign&c^ 
::oiriJ.f cei y e sign4-is.idetected in additions or --more ftf'the ihterfenngUignal 
';<:. t P°™P9nent portions.- in 
4n estimator by reQognitiAnrofee.g^ a training sequehefe f6r the ihter^ering-signal 
30 : eom|xonent portions. - ; Th§ estimator also generates a quality m^aSure'fdr the receive 
signal. The quality measure reflects the quality of the wanted-signal component after 
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. detection^ e.g., of a measure of residual interference. For every combination of 
estimations of wanted-signal component and interfering-signal component portions 
•> f , I»ssible for a Renown number of interferers to detect, a quality measure is determined. 
n n// t f^ r f n P:-' d i^ ct ^ *«i selects to detect the combination of wanted-signal 
component/interfering-signal component portions that are most advantageous to " 

- defect, according to > the quality measure generated, - : ; 

.. v In ? * ese and °A e r.^P,?cts,r Aerefore, an apparatus, arid associated method, 
facilitates processing of a receive signal received at a radio receiver. The receive 
signal is formed pf a wanted-signal component portion and at'leasfcone interfering- 
signal component portion. A quality measure determiner is coupled to receive at least : 
indications of the receive signal. The quality measure determiner forms at least one 
quality measure of the repeive signal. t An interfereftce.detectbr'is also- coupled to 

- rece ! v? ±e at ,east ^ications of the receive signal, anddndications of the at least one 
.quality measure of thcTepeive signal-determined by the quality measure determiner. 
The interference detector detects me : wantq^ r signabcomponent portion of the receive 
signal and selectively suppresses the at least one interfering signal component portion. 

A more complete appreciation of the present invention and the scope thereof 
^.PP^&'ftPW ^FOTPanying drawings which are briefly summarized 
>o*M°nL 3 ^® ^W^ftlS* descrip;tionq£ the presently.prefen-ed:embMiments of 

y-z >' -:ov. r z-r. uJs-<!b: \.> : /• rr. .oT M ?.zzis&;: u >r. : ry'- ~ : . ! " :.•::* '•' -• 'A 
BRIEF DESCRIPTION OF THE, DRAWINGS-: A... .... r 

,.. ; ; ; . Figure 1 illustrates .a jlr l^xeU-reus^iiatSem- sometinies^utilized to allocate 
a chamie^f avulableto. be used in : a^t)u|a^pq^f|\}nicatipn system.'" i " 
_ ,c , . JiSF e 2 ijlustrates a cell reuse c pattem, similar to that shown hi Figure 1 , but 
.of a 1;3 channel reuse pattern. 0 : s < r : . ■>•:•/:•.': vm «f> 

• i x ■. I S^F 6 3 -illustrates an exemplary : frame structure of aiurst into which bits 
, ^transmitted, between a sending station and afreceiving.=station:bf a communication 
... system are- formatted. .. . . : , :! , . • ■ ■■■ "> .:\ 

r Figure 4 illustrates a funpupnal blpckdiagram of a model of a communication 
system having a conimmi<»tipn,channeLupcm-yvhich'cb interfering-signal 
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.components: are received together with a wanted-signal component at a receiving 
■ station; * - -•■ — 

-5: Figure 5 illustrates a functional block ' diagrafn of the apparatus of an 
embodiment of the present invention which forms a portMtf "ofthfe receiving station 
5 ; shown in Figure 4.: • * - v "'^ ' ;i; i r * 

Figure 6 illustrates ariother furotioriaT block diagnim 6f &feapparatiis of an 
m f : embodiment 6f.the present invention \vhfi^ station 

.shown in. Figure 4/" u\ - btvlscfvi 5 v f :..L: s^csst ? ■ • > : " • •"- C4 

jv : . : r f .jFigure 7illustrates a method flow diagrarh iHiistrating the method stej>s of the 
1 0 , : r ; method of the present invention - 

DETAILED DESCRIPTION^ OF THE PRESENT INVENTION' 1 

mo rr-A v; -iRefening first 'tblFigui&l, ^ exemplary grid pattern, shown generally at 10, 
• ; is illustrative! of a channel attGofctiori'-pattern defmed ; in an exemplary cellular 
1 5 3V compiuni<ration system. The* grid ^aftfem pictorially illustrates the manner by which 
gro ( ups pjf channels: are- reused throughout a geographical area ehcompass^tf by the 
system. ^A <:b . i. r .■ <v f .v \^ 3' - * 

, : = ■ He;xagonally-shaped'pelte4^ aife defined4#^a& ba&^s^^^l^. • Typically, 
rr > the hexagonal patt^^ 
20 that the actual coverage provided by the b^^tktioiiS ^a^tei^sife^ik'ty^ic^iy not 
hexagonal. The radio base stations 14 form portions of cellular network infrastructure 
equipment of the cellular coi^iim^ation System. 4 > *' : - ' : 1 ■ '-' ^ 
, >r n) Intfaegridpatt^^ 

three cells 12. GeneraUy;<a mobitef^^ positional in Sri^Vfthe cells 

25 i;r ' 12 : transeeiyes: communication sigiiials to arid from the radio Base station 14 which 
defines the cell in which the mobile terminal is positioned: Utilizfctiori df a' cellular 
. ; : • communication system is advantagedusvas continued cori^unication VWth the mobile 
. ^ - .terminal k is possibleieveji^asthe mobile terniinal passes through succ^sSiVe biies o : f the 
cells 12. Communication "hand-offs" between radio base stations^ defining the 
30 successiye ones, of .the: cells 12 permit Such continued cbmmuni^tidn; all without 
. app^entjnterruption-of JDngoingrc^Emriuriications. - b .'^ii r. : 
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.>.-; , As noted Previously, a significant ad Vantage of a cellular communication 
ri, P ; : sysjem msesdue ; to<the. ability to reuse channels defined in the bandwidth allocated 
visrrl^'-th^P^^^i^tipn system. Different groups of channels are assigned to be used 
d ? l ; different 9"??% o£ ther.cells; 12L : And, such channel assignments are repeated in 
. - successive.grpups of the.cells. \Vhile typically, channel assignments of adjacent cells" 
-; e^e dissimilar, the channel assignments are repeated over the successive v groups of 
. . cells.. V1 . . y .- : * .-v.'H jur-c :v- • . :. ; ,*■ 

, The grid pattern 10 shownlirl Figure, dMS'Sometirnfes referred to as a "4:12" 

scheme. In such a scheme, the; channels iallocatedr to the dellular communication 
il , system are divided into twelve channel-groups.- The groups are- designated in the 0 
figure by Al, A2, A3, 31, B2, R3^C1-C2: 03, D1,D2, andD3. Groups of twelve 
cells, such as the group:22-indicated by the bold-face outline ih the figure,' afe defined 
throughout the pattern 10, The channels: assigned to each cell of the twelVe^cell group 
is assigned:a different set of channels, and adjacently -positioned cells kre riot assigned 
0 \yith t thq same channels. Interfereneerbetween signals generated in adjacently-^ 
( positioned. cells is thereby i^uced.M../r : :^ . - s--c. * 

■hA .c::^;iM:#J s 9 .mention^ previously, to:? increase .^the" capacity -bT -the cellular 
A .^^unipation^ be refused more frequently, albeit &t the risk of 

an increase in the possibility that interference of concurrently-generated 
:< •.^.pqmnauniea0on / sjg^s might he more likely to^ccup. ^ V? ::rA:~\'y..>o 0 
- V 7; . ^ig^2 ; illustrates,^ shown 'genferally at 30, 

illustrative of another channel allocatiorftpattern. :;The pattern 30 is sometimes referred 
- tq as .a " 1 :3V scheme, , Similar ito the airahgfement shown in Figiire lj hexagonally- 
, shaped, cells 12 are defined by jadio, baser Stations 14. ^Each base 1 station 14 defines 
* ,. 1 thr ?^ cel ?S l?»in manners ianalogous: to. the manners by which the base stations 14 ' 
- define the-cells 12 in ;the r illustration;of Figure 1. - - : T ^ - ^ ' ( v: 

In a 1:3 scheme, .the channels: of the Tsand width allocated 'to the cellular 
.coi^uniQation sy^^axe;4ivided;into:thi^'^t^sf In such* a Scheme, the channels 
. . ^located to ^ie conimurtication . system are divided; imp; three channel.groiips. The 
u \ groups are designated in the,figure:by A,;Bi^idC.* Groups of three ceirs, ^uch as the 
• . :: : group ,^ ff indicated: by the boldrfaced outlinis^^eiformed r throii£h6itt the grid pattern 
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SQ.; Each, cell -of the: group. 42 is defined with a different! one of the three sets of 
r; , ajlocated channels. The sets'of ichdnnels, agam ? afe assigned iri'rt^iriers^such that 
: f -adjacent ones of the cells are not assigned* with the- same set of freqfierfcy cliaLnnels. 
: >. Because the allocated xhannels are divided -into three? sets bFchlaniieTs rather 

5 : : thap twelve sets of chaiinels, a muitiple-incrdase in ohahnels available tijion Which to 
/ f .~ transmit communication signals at any particidlar^ellrresufts. Vizi; iip to a four-fold 
increase in communication capacity is possible. However, the separation distance 
. between, cells which: reuse the same '.set of channels isr^d&ced, in T eohtrkst to the reuse 
: pattern .qftjhe 4;J2 scheme shown. in Figurfe^ - . . - 

10.. - ; ;.. .-Degradation levels of jjcommmication quality resulting from co-channel 
, interference is therefore. pf la potentially greater concern in a cellular communication 
b^iO'-AW^P w^eh utili^S; tiie 1 :3 scheme ratherlhan the 4^12 scheme. If increased levels 
;r ; oig fofjCprchai^el.inteifei^n^ significantly interfere with communications when a 1:3 
- , ? cpmmunie^tiQii scheme:; is utilizerd, : the .benefits of the increasdd* cbmfnunication 
15 capacity pejrniRed by ^ 

by increased levels of co-channel interference, if 'significant! *fte levels of co-6hannel 
interference, m fact, might seriously degrade* die qualfoy of cbmihtini&itions, wholly 
, • .qbyiating the possibility of increasing the communication c^adty'ttfSie : l!:3 alPocation 

>♦ /t SQhepDie.^rii;' Tr; 3. ft* :? i .- 1 - i . 7 7 JiixCu ^C^ >u tii 1». 

20 Operation of an .embodiment^ therpi»sentHftvent4^iS^idfe^ a r manher by 

; , \#hich to. .identify a/porehafcinel,, interfering? sijpial-at-'^fi^^n^^fibn, thereby to 
i rrr t permit fetter suppression of S\icfrdjiterfering;signal. ■ ^ cL\.. ; 

. x c _ ' Fjg^r€K3- : 'illustrates: 3 bursS.^Q, .exemplary -of & burstinft) wKicK data bits of a 
. . . n i ^ / commypics^ipn signal ^refei^tted: ix&ari exemplary ^ceiltda* communication system. 
25 „ , . The buKt 50 is repceseji&tiv<e£of a . burst? formatted tfttfmg operation of ftah^nitter 
apparatus of a GSM cellular communication^ system^ Other mariner^ KjTwhich a 
u i communication- signal : can bp formatted, can similarly be"repres£nted.-' ! 
; - srf- As illtistrat§4; : the burst 50 includes:twd fields of data.§2, eiachof fift^-seven 
bit lengths. , A training, s^quehcei 54 of a twenty-six bit-length is -portioned between 
30 . , . the two;da^-fiel^s 52, Three-WUeagth tfciis«6 ar^foitoedWtfthg fepfkiS&ig ends of the 
burst 5jk ; Th^ bit values of th§^ils 5& are of zero- .values. ^TKetJifi fonmirig tRe data 
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fields 52 contain speech or other types of source -information or signaling information. 
r*V ^^pljp.^t .length flags 58 positioned between the data fields 52 and -the*: training 
^sefluence 54 are of values indicative of the type of information of which* the fields 52 
are formed. Successive bursts, or "frames" formatted therefrom, arercommunicated 
; . v-between a sending and a receiving station, suchas the radio:b£se stations 14 shown in 
. 4 Figures. 1, and 2, and a mobile-teiroinal to communicateiinformatioh therebetween. 
\ t , ;;..<■ - Figure 4 illustrates an exemplary.' communication system; shown generally at 
1; . - 70, representative of the celliJar,coTninimication system, having a cdli* reuse plan such 
. T: as that represented by the grid pattern 30 shown inJFigure 2/ In thelllustrated system 
70, a,wanted-signal transmitting .station 72 generates a ^transmit sigfial which is 
transmitted upon a communication channel>74to;a.receiving station 16 > ^The wanted- 
signal transmitting station 72, is representative of; for example, the radio base station 
14, shown in Figure 2, which generates : downlink signals for transmission ^to 1 a mobile 
terminal, here represented by^for eixsmple; the receiving station 76* The station 72, 
.cony^ply^can be representative. pf a,mobile;,terminal when^he ^mobile terminal is 
. , J operable, to transmit an, uplink .signal, to' a -radio base -station. " . 
:.!■:. ' ; .- . i ; [Additional transmitting stations;78. are? representative^ transmitting 'stations 
vvfhich generate interfering signals which interfere with the warited-signal generated by 
r . the,tr^m^ng ^ 78 
:- i; ^eillust2^ted>m the figurfeq Each .pf such J itransmitting' stations 78 transmit interfering 1 
signals upon the communication channet7.4rand which; are received by 1 the receiving 
■ s J ati 9 n 7£- - s Hch. t trai^smitting stations JSrarexepresehtative; for- example, of radio base 
stations \yhich , generate signals onifre. same channel upon which the transmitting 
n statiqrv 72 transmits signals, thereby . to fonnixso-chanriel interfering signals which 
. ^interfere, wi th the wanted-signal generatediby the transmitting station 72. - - ; - 
re : : *j -~ ; The channels 82 upon wh&h the signals are transmitted by the transmitting 
; r ; station 72^and-statipns 78;jcan be modeled by ^discrete-time* channel filters containing 
, . r„ f chann? 1 imptdse-response Such;filters are ih the- model represented by, for example, 
- -multi-tap, : FIR(Fiiiite; Impulse Response) filters*. The -channels 82 illustrated in the 
^figure are representative of the channels and 
? u 9 h channels are indicated- by.the designation hjtof.i/. h k / Each frf-tfie channels 82 
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ris of potentially differing; characteristics responsive to the paths upon which the signals 
are* transmitted to 76." Collectively; the chanhdls 8f2 ujion which 

the ;si'gnals generated by the transmitting stations 72 afid- 1 78;-res f pett!v'ely 5 are 
> ^transmitted fonn thexommunicatiorvthannel 74. w ^ aur'. 

; Although ; the receiving, station 76 is intended to rdteive ohty the w^feB-signal' 1 
. .v generated: by the transmitting? station 73, thfe receive 1 signal- actu&liy recei^fed by the 
. . receiving station -76; is the summation : 'of aiP 6£ the-si|nals trto&nitted upon the 
• different ohanridS'82.;' Such suriimatiofi^f flifrdiffererit signals is represented in the 
y figure by» r the summation element 84. Additional distbrtion caused "by white Gaussian 
. noi§e^;forms amadditional component of the Surnnted signal forming the receive signal 
y receive^ )at;the receivingistatiori*76. v r " ' ■ . : ; - 

"V-i ..-'*sf< 'fFigyre 5; illustrates apparatuses which form^ ^portion of the receiving station 
; ; or 76^ho\y|iirm Figure 4 inoaai exemplar^ fetabodirftent of the presdhi invention. The 
^appararuSdSS. is operable lo identi^~and>^os^ibly suppress one 6rm6re mterfering- 
signal [Component portions ofta^eceivef signal received at : the recfeivin| staHbh. r 
While the following descriptioh-^f an eXempf^ embc^imCTiHs -described 
^nerally vvdtii; respect to a communication^ ft-S generally desirable to 

. vjb suppjess interfering sign^l.compbnent portions^lft 6Mb6diiheht4rfWKicH th^present 
< r j . • inyentijon;i^p|^r^blf ; in, ' e -gi ar.CBMA? fcomnimicatlo^ ?hS¥gcei v<& signal 

T?iTJfS?!^ com|)OilfeflrporC?^" ^'d ^(fe^Ky : 4' timber of 0 

—interfering <sign$| QOjngohentporti6iis/ :uzfr. ; ;i j ;;^rt: o n; ;xqu c .Jcr:^' 
r ^ ; ^ f ^The reeeiye*signal,:sub^queirt to performed by 

y\ r . a^own-eonyeiter.(iKrt shown), is-appfi&He a^stimktor 86 %y way of 1Rrt£%7. The 
v estiipBto^86 i^qpetoble to estimattS cha^l'itnpulsg r&pdnse^'of a communication 

channel upon w)iicb a wanted^signal conn^nerit portibirand-at least' one interfering- : 
Ti.r^ig 11 ^ 1 component po^tioiLofthefreceivfe signa*are<tratem^ impulse 
r; responses may be- estimated; for: example, thriwigh the utilization 6f a Gaining 
sequence, or other sequeno^f the interfering Sign^ Gompo^ntTpertten br^rtions. 
; The. estimator ;86 gentefates 3-. signal on line 88^Whid& i^ a^plied^tO im- interference 
det^ctqr.89.: This signal fojms^fpi^tyjmeasure of the rec^ived-sigharfcy^eing, e.g., 0 
an estimate of the quality, of^ wantedrsignaf component porticni after detection. A 
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separate quality measure is generated ; for e^ch combination. : _of wanted-signal 
componqnts and interfering-signal component .portions that are estimated , by the 
estimator 86. Thereby, the estimator 86 forms a sjgnal quality determiner in which the 
.signal fpnped^thpre^t is an indication of the quality of the wonted-signal component 
? after detectipn.^ The interference detector 89 is operable to selectively suppress one or 
r _ i.iyiore iipterfering-signal compp^ portions of ^thej{ecei : ye signal. The interference 
t . supprp$sc>^ may, a joint , cjetector^an jnterfejencexanceler, 

• : - & multi-use; detector, or a subtractiye de^o4ut^or r ;r ASiem)^din>^m in which the 
„ interference suppressor is formed of a joint detector shall bes described below with 
respect to Figure 6. . , ; , v « .; : f.-.t^i* !i : : v 

Tlje estimator, 86 ,whic^ ; genprates„the signal on the line-88.is operable to 
estimate channel impjulse responses off a ch^nnel -upon -which, the- wanted; signal 
component and one or more interfering signal component portions are; transmitted. 
The channel, impulse response is dete^ined, , m one embodiment .by utilizing a 
seqy^ncer signal.which .permits for an, estimation of -the, channel impulse response, ■ 
such as a training sequence of the interfe^g signal component portion. 
...... :f[r pigwe.&il^^ 92 which forms ^portion of the receiving station 

76 shown in Figure 4 in an exemplary embodiment of the present invention. The 
, fP^^^r^rM ;?P?^M e ?f? deteri^ine , pne >t or. more ji^terfering^signal component 
portions .pf.^rcQeiye; f at ; the v regeiying ; j station.; , By determining the f 

component portions of the receive signal which are interfering-signal component 
portions, such component portions can be jointly detected together with a wanted- 
signal component and thereby suppressed. 

T*^ P ceive signal, subsequent tG ^>yn-;epnyersion operations performed by 
a down-converter (not shown), is applied to an estimator 94 by way of line 96. The 
estimator 94 is operable to determine the training sequence of one or more interfering- 
s signal exponent portions pf the receive signal generated on the line 96. 

The estimator 94 includes a channel estimjatpr 98. The channel estimator is 
operable to estimate the channels upon which the wanted-signal component and the 
interfering-signal component portions of the receive signal are transmitted. That is to 
say, the channel estimator 98 is operable to estimate the channels 82 shown in Figure 
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4. The channel estimator 98- is provided' with information, here indicated by way of 
. :t \ 'line ; 102; of the training sequence of the wahted-signal continent, waftfed to be 
. received by the receiving station 6f which the apparatus 92 fonhS a p^ion!" '~ 
\ ^. o.The training sequences Tl associ'ated with theMhterfer^^ 
5 ; portions are, however, not known.- Only 1iie £et df tra?riiiYg s 
.. communication system ^is-knownC Training sequenceVassociated^ 
of the interfering-signal component' pbrtibns'^ 
T 94, of whioh^the^ha^el-'es^ 

: ' f ^training- sequences associated with one or more interfering-signal component pdrtions. 
1 0 The channel estimator 98 estimates groups of channels formed of estimated 1 

o; : channels upon which the warited-signal component is transmitted together with 
Le: r u interfe associated therewith r each of the possible 

. ij e ss ti ^ trainihgisequencesL ■ . < ^ 1 : c vi ^ " 

. The groups of estimated *cari f be estimated, e.g., by joint 1 estimation of the 
1 5 ^anted-sigiiai-edmp and at leasrorie^ihterfering-sigiial comporfent portion. But, 
the groups of estimates cah?aiso be formed by combinmg-individUai 'e'stirh^tes of the 
c wanted-signal component 'and estimates of the inteiferirtg-sigrial component portions, 
respectively.- - < 'i ; * - r - ^ ; ' ^ ^ 

' - '^n^on^embddi^nt, channel ed 
20 -ri! Square error estim&te-which i§ calculated *tisirig^ ^ 

h = {M H M)' l M H r T 
where H denotes the HCTmetiah trahipbse^aiid M is the matrix 'defined as: 



and where each^M5;^i=0,l .'P^K, is a-matrix : cohtaimiig'the training ^ sSquerice f6r user 
: -x:,i,;imr(n),n € [O^^N -""lj 1 , h* the 'following way:' ' : : : ' !? " 
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m i ( L) m i {L-l) m i (0) ' 

m i (i)- ... • m i {l) 

m.(N-l) m.(N-2) ... m i (N-L-l ) 



i = 0,..., K 



10 



L is the memory of the channels, {.e.^for each user, Z+Ltaps are estimated for 
the channel impulse responses. N ,is the4ength;of ; the training sequence. 

Further r r is a column vector of length N-L containing the received signal 
during th^ trailing sequence. Adopting the above definition, can be* expressed as: 

r 7 .= Mb t + : w. , -v . . 

where w is noise and interference that is not detected. 

In the same way the received sigriaf during the data sequence can be expressed 



as: 



where. D is a,.matrix defined.as: , : ; : - ; v 



: ; ; t yvhere .each^, i^l «.i;,-K- . :i&ra. rpiatrix^containitrg :the * data sequence for j user i, 

::r/::\4^ n h, : n ,-:^ <|0j 7 1* ;:r> Undefined? as : r , < f 't^ he : i 



■-Pi = 



cf 1 (I) d^i-l) ... d (0) 
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"d.(L+X) ~d.(L) 

sequence is: ' 



•i-.= 0.y;f.'.y-rK 
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and similarly for the data sequence: . t . 

The expected value for the residual interference for the training sequence is: 
E{R T } = ... = (N - L - (L+1)(K + l))a 2 = ua 2 
where a 2 is the.power of the non-detected Sigrial w; ' \^ r: - — '~* ;J - 

. -\Ehe samejcan :be' ddtae for* the data sequence : v,: - : : : 1 ; : :: " * 
, , E{R T }-= ... « (R^L^racefCAf"^)- 1 } + l)o 2 •= va 2 * 
: an estimate: of. the . residual interference If or the data sequence, [ R D , eari fee done by 
combining the above two equations! * < l - : 

Whilethe training sequence ; bf the? wanted-signal component is known, the 
training sequence of interfering-signal component portions must be deteriniried. ^ 
To determine the training s£quence& of the interfering-signal component 
portions, a joint channel estimate is performed under the assumption that the 
interfering-signal component portions haverparticular training seqfuekces^ That is to 
say, h is calculated where M =[M 0 M,].^nd "Mf'take on '^11 ^possible ^training 
sequences. Then for all the channel estimates, a value of the residual interference 
during a data-sequence portion is calculated. An estimate .of the training sequence for 
the interfering-signal component portion which exhibits the lriwesf Estimate of the 
residual interference during ^ data sequencers selected to be the interfering-signal 
component which has the most degrading effect upon receiver performance. 

A selector 108 is coupled .to the residual ihtetferehcrekknator^^ by Way of 
lines 112. The selector 108 is operable, in part, to select the training sequence 
associated with the valtie' of residual interference 'at the lowest level and to generate 
a signal on line 1 14 representative of such training sequence. A signal representative 
of a channel estimate is also generated upon the line 1 14. 
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The apparatus 92 further includes a joint detector.. 1 1 8. The joint defector 1 1 8 
is coupled to receive indications, of the training sequence and the channel estimate 
v selected by the selector 108 and also, at least selectively, to the line,96 upon which the 
, receive sig^i^ provided.. The joint detector 118 is operable to detect, jointly the 
5 i Y ^r 1 v d " s ? gI ?n ^jppnipopcnt haying the known training sequence and. thevone or more 
. r interferingrslgnal component portions, .associated with the one .or more training 
sequences selected by the selector 108. The joint. detector. may;- for example, be 
implemented u^ 

By jointly detecting the wanted signal (component portion and the at least one 
10 interfering-signal component portion, the degradation , of the wanted^signal component 
portion caused by the interferingrsignal component portion is substantially reduced, 
i.e., a suppression of the interfering-signal component portion out of thc wanted-signal 
component portion is achieved; , : fr ■■>:.■ -I !.\ ; ->■<: ' ; tj^-ivi' 

In the illustrated embodiment^ the apparatus 92 .further includes - a single- 
15 : channel detector 128. And, in such an embodiment, the channel estimator 98 is further 
: °P e i!— l ? to ^ im $?i:^'-y?^sd7?}B^ channel. fjipon, which /<the 'wanted-signal 
component of the receive signal is estimated to be transmitted, all without regard to 
anyjnterferingrs^ , 
, : /M . j: - i0 T^p.Tesic^^n^rftr^ further, operable* to calculate the 

20 ?'r ^rr^ ^terfi?3r?ace o£spch ;^estima^vcljarmel, .arid the. selector 3*08 : is • further 
j<ny-?P$ ra b)$4$ select; .^^sjt^^vctoniusl L estmi5it^.iricluding.. such, single-channel 
< - estimate, If.a d^rmi^tipnjs. made .byrAe^el^ctprr 108. that the single-channel 
? stjm^te exhibits the lowest level , of residual i;|iterference,,the : selector 1^08 generates 
a. ; -^PP- sig^. online .134 which co^ 136. 
25 The switch element 13 ^alternately ^-eo^ 96 Neither the joint 

f ete -r Qr -US or the single^chaimeL^^ When the residual interference 

L ... yal.ue .pf tlje, s^glercha^el -estim^e is of th^pwest valuer the selector 108 causes the 
^ ( switch elpriient IS^ to^^po^itione^tQ interconnect line. 96 with Ui^ detector 128. 
r . . r Wh^n anpt^er.of the ph^eLestiinates exhibits tower levels of: residual interference, 
30 ; . selector 1.08 causes the switchpositipiircf-Jhe switch element: l36"to'be positioned 
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,T ■ to interconnect.the line 96 with th'e joint detector 11 8. In suctf mkhiier, the apparatus 

detects -the receive sighal jointly of singly, 'as appropriate. " " : :i 

*.i . . . iv- -Figure 7 illustrates a method sh^ 

: present invention. "The method 200' is operate to detenmiheihe^^ 
5 - - -i sequence associated with an interfering cdrhponeirit p^lt^On of k ffe6^ive signal. The 
> , .receive signal is formedof a ^*wanted-sigitaiFcomponeht and at'tei&t : ^ 

signal component portion. ^ *5t-:,,-' : - '< * or -cr:- 3. 

Firs^and als indicted ^ the br6fck £ 202, gfottps of channel" estimates are 
. -generatedLresponsive to'M Chanh^l estimates are 

1 0 ■ ; -f ; . estimative ^ofdiannels upon which cbiiiponents of the receive signal are transmitted 
to the. receiver. Then, and 7 as-ih<Hcatfed -by the t»16ck 204, values of 'residual 
: ,;i; b.ihterferencei are' generated for each- of ihe groups of channel estimates. And, as 
indicated by the block 206, a selection is made of the'group of channel estimates 
^hich ^exhibits the 'lowest v&Iue of 'Vesidiial 1 interference. "Such' levels of residual 
15 \ . intefferenceiare indicative df thelhfer^ence-iignal component portion. The training 
... y v sequencesassoCiated with; the f channel estimates arfe determined 16 bethfe value of the 
: u training ; sequence: i- 1; ■ . - .; ; ■ *;r'* .K...-r. 

Operation of an embodiment 6f tK^'preserit m^ 
- c f;;Si'gnal <:ompbiient' portion 'io 'be 1 detected ! even' w^ of a training 

20 • [ ;; f {t n ;seqlLi^ft(feiassoiedatedr with su£h'~p6rfior^ ! S recdVer is 

r — analy.?ed 5 first to determine ra tra&ii% k^fience'WsoH^iea^with^e irAerfering^signal 
** -v. component portion.. And,- a:dfeterMihation ; ife made of the manner by whicltd recover 
b$s\ thejwanted=-signal compbrfent of tkfe~'receive Signal: A'sMectioft irfdde : ei'ilier to 
;> •; recover the wanted-sighal c^mpbrierit ^y Joint detectabn of by detection bf rriefely the 
25 - ; wanted-signaLcomponent of the^receive signal; ■ ' J - ■ * ' l> 

■zcr.ssy. <>r.': Wheniembodied^in receiving station portions of a cellulaf L cbirimuhication 
; system; such-as the receiver portion of a mobile tenninaF or theTeceiVer pditibn of a 
rt :T. . radio bgsc.station, better suppression of co-chanheF iifterfererice is r f£iMk£ : B&ause 
v . ^cqrchanixd interference is better able tb be suppressed, channels iefiiiedTn ihis system 
30 t:t ; can be.reused.in a more efficient ^ xnahner^ such~as-tlie 1 :3 tell reusepafern shown in 
Figure 2. 
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Although the present invention and its exemplary embodiments are primarily 
. . . explained considering a TDMA communication system, it could equally well be 
j ? . , Jpipleipented. in communication systems that utilize other kinds ofraccess schemes, 
1. ?V: Q ^ ? s ^ f ? r ^ xam P le ' a slotted CDMA system, where every time slot/frequency is 
divided into at least two traffic channels, e ; g. v at least two users. The user separation - 
V. the ^lot/frequency is..insuch-<a- ; case achieved by a code separation, i.e., 

. eaph user in the sam$ time slot/frequency israssigned a user-specific spreading code. 

In such a case, a wanted signal component is isjusceptible to >both co^harinel and intra- 
, cell, interference If an embodiment of theriiivention is implemented -in, e.g., such a 
• s y st ^B' lt should be appreciated that what earlier has been referred to as interfering- r 
signal component portions actually can be. any mixttire. of interfering-signals and 
useful signals, at, least for the uplink case^\yhere detection. of all/componehts are 
desirable. , t ; * -^i:^':- * r : ' ,1 v r vV * ■■ 

The previous descriptions are of preferred examples for implementing the 
invention, and th£ scope of the invention: should not necessarily be limited by this""' 
description. f The .scppe of the present invention is defined by the following claims. 
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i. WHATI&CUAJMEDISr 

* >".-' ' - 1. In. a. radio 'receiver operable to deceive a receive signdl; the deceive 
. signal formed of a. wanted-signal component portidn'and at least one interfering-signal 
v-;.:Componentiportion; an improvement of apparatus' for : facilifatiiVg ; ptocfesSihg of the 
•receive signal, said .apparatus com^risiftg: r - » 0 '~ J '•*[ - r ' rp r 1 ' ■ - • • ; 

t , : a quality measure: determiner coupled to receive At least' inciicatibhs of the 
, receive signal, said: quality" measure' detdnttine'r : for forming It Teasf tfne^quality 
■r .measujfecof the receive sigr^l;-afid; - ^ -'■-'* : 1 J ' 1 

, : . v :ail interference detector -ateo^cbupl^ to receive the at feast indications of the 
:iv receive . signal and indications of th^lt feast «>rie quality" measure of the receive signal 
t determined by said quality mea$^e-detenni6erV said interference detector for detecting 
: ^thg panted signal-component portfon of f thfe receive signal arid^for selectively 
suppressing the at least one interfering signal component portion. * 
yr;;j-' cmi l - r *-r „:- r \f '-"o ■■■■ - 

. - - , 2. . . -The apparatus^of cli£im^l Wherein said interference Setectd/f is further 
: : : selectively operable to pass'both? tfae wanted^ighal-component portion Ariel the atleast 
one interfering signal component portion detected thereat. 

3. In a radio receiver operable to receive a receive signal, the receive 
signal formed of a wanted-signal component and an interfering-signal component, the 
wanted-signal component having a first training sequence associated therewith and the 
at least one interfering-signal component portion having at least a second training 
sequence associated therewith, the first and the at least second training sequences, 
respectively, selected from a set of training sequences, the first training sequence of 
a value known to the receiver at least when the receive signal is received at the 
receiver, an improvement of apparatus at least for determining the value of the at least 
second training sequence, said apparatus comprising: 

a channel estimator coupled to receive at least indications of the receive signal 
received at the receiver, said channel estimator for forming groups of channel 
estimates, the channel estimates of each group representative of characteristics of 
estimated channels estimative of channels upon which the receive signal is transmitted 
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' ir. J 9 th ? receiver, the chaimel. estimates t of each group including estimates of -channels 
upon which interfering signal component portions are transmitted, the interfering- 
signal component portions having associated therewith training sequences of the set 
, .., : . lfr of training sequences;.,.; : ; : 

5 l ; U * J??^^ 1 interference estimator coupled to receive indications of estimates 
fomied by said channel estimator, said residual interference estimator for generating 
. v values of residual interference^fpr each of the groups of channel estimates formed by 
. said channel estimator; md }r , : > : ., :i V a u "ii • \ . a ^r, ^ >: ■ : 

a selector coupled to receive the values of the residual interference estimated 
1 0 by said residual interference estimator, said selector for selecting a group of channel 1 

. estimates of th^ groups of channel estimates estimated by said channel estimator which 
exhibira value of. residual , interference^ estimated, by said -residual interference 
;u N^^ator, of a desired value, -jtbe Jnrirring sequence associated; with the group of" 
channel estimates .selected by said selector determined to be the: value of the-at least 
15 second.tr^ining sequence, ■ — ;;-!3?> v..:.-*, t<- \ . • v tsf.. b?* ~, 

v.[;; /: ? ';r>!*;^ \ i^--- ~- . j . i f 'Lv: V' / y. v. y? ' v ' • 

4. 1 r.TIhe.api^atus.of dairn 3^herein said channel estimator comprises a 
least mean square error estimator. 

;r in ^v^ 0 ^: s ^ P 1 ^?^ es ^fttP r : is formed calculates a leasttmeairsquarechaiinel^stimate 
for an estimated-interfering signal having each-training:sequ6iice of the' setbf training 
sequences but for the first training sequence associated with the wanted-signal 
^ p .,.9omRonent. ; - \- s . ,* :T -r r ■ ritilo \i'--:vG ...rc v, / 
25 ■ ;^ a; - V r- yyyy, :t r b-xr^ito f \ ; t^ iary' - : < ' . .y 

Iv^rrrr ; A r >::&e apparatus; of elairivS wherein ; the groups ' of charifiel estimates 
estimated by said channel estimator comprise estimates of a wante'd-signal Component 
channel and interfering-signal component portion channels, the interfering-signal 
- ; :,/ < ^RR???^F^^pn l ch^els estimative of channels^upon wKich interfering-signal 
30 . >„: .90P8°?®^PQ^S 1 ^ having associated therewith training sequences of each -training 
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*■ . .sequence of the .group of training^ sequences- biii fort&e framing sequence 'associated 
. ' -: k wi-th:the.wtotedTsignaLcomp6j!isnL'' v ' : : . - .r • * ; 

7. The apparatus of claim 3 wherein said resfduaTlirterfer^ 
5 , : estimates a value of residual interfefenccfor eaefrbf thfe groups' of channel estimates. 

:■ 1 \ rj The apparatus of -clai^ of 

channel estimates amongst the groups of the channel estimates whictf exhibits a lowest 
L. v . level of residual interference. " - ' v ,* f 

10 x . >v: • * . " . • . - ■ : \ « • )^\\ \ '. . 

(■{-.■ii 1 " ** : t * 1 9. - „ .The. apparatus ~of claim 3 further for suppressing die at least one 
: ^fj^rjnterfering signal component portion, said^pparatus further comprising: " 
*o i"i '-:■(.■ an \ interference suppressor c^uplM to deceive the at least indications of the 
. i .rpcei^e signal^and io receive indicatioiis ; of the atTeastf second training sequence 
1 5 associated with the group of channels selected by said selector and' channel estimates 
formed by said channel estimator, said interference suppressor for selectively 
r - suppressing" the at least one. interfering" signal J cbmponent^portibn. 



10. The apparatus of claim 9 wherein said interference suppressor 
20 -o;J?pi&pri$e&a joimjdetector^said joint detector^ the-values of the G ' 

v> u rr . wanted-signal. component arid theev^ties df the interfering sigiiaP^oi^neh^ portion 
or i, having the second- training sequence; ^i' ^a V-cv- ^..r^h: .x : *' 

11. The apparatus of claim 9 wherein said channel estimator further 

25 estimates a wanted-signal estimated channel, the wanted-signal estimated channel ' ' 
^r ^stimati^jQf only-tbe channel .upon which th'e wanted-signal coihponent is transmitted 
- rLV to th$ receiver, v, . . ■ ; ? t- ->.- j : I::. 4 "- V 1 ' 

-....ir^\ i2?:i : : The appjratus of clam 
30 . . ; is*fta^*coup]^ ; 
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g . T es ^ dual interference estimator further for generating a value of residual interference 
for the >vauted-signal estimated channel. * i - . . 

: •;t«::-rA?":- :5 :?.5 f The apparatus of claim 12 wherein said selector is further coupled to 

0 z< 5?caye : th^^ue^of residual interference of the wanted-signal estimated channel - 

1 ^eP?^ rate 4 ^yc^: r ^ d V^:^terfei^^estimator^ the wanted-signal estimated channel 
s v therew»tb-§)rming w .additional ;groupjof the groups of channel estimates 

, w arp,pn^ - 0 ^ha^Aj bt -\vii v; /, - ■;->.>_: \~ 

. .. , ;; 14. ( r The apparatus es claim 13 : further ibr de 

Signalxomppnent-exclusive qfjtjie interfering signal component, ^skid apparatus further 
comprising: : - 4 r( ^ - 0 _.[•" -j ^ > 

n ^.a wanted-signal dete$tp£^ of the 

receive signal and to receLyq^indjQatipjis of selections; by said selector selecting the 
^^ dT ?!s n al : estimated channel; said waaated^signal detector for 'detecting the values 
, ^pf i ^.WWted-sigi}^;Gp^pjnent; .- ^ --r&wr.r: . ^ ; v. ; -':* 

i or->o!i 5 ^^^^^^^^ 0 ^W*- 14ywherein. said selectors further operable to 
select operation alternately of said joint detector and said wanted-signal detector. 

-. * 

/i v.-,- j ; i ; Th$^B^a^tQf clatov3.'??diei«mctiie'at teaSTbne interfering-signal 
3; i c? t WSf^- < W^ a plurality :o£mferfering*sigtal component portions and 
..jWhereiii.the groups of channeli estimates ;-fanm^^ t saldlB&aWel«^mafttf include 
r ; i;? stiinates of. ,^ ; plurali^;. of -channels upian^ich -a .plurality '-.of ihterferingisignal 
component portions are transmitted.' -- : -;. . . _.;ii .- r / : r : : 

.- . ; : . • . 1? a method for receiving a receive signal at a 'radio receiver, the receive 
. fonned.o£a,wanted r signal component portiorfand at least one interfering-signal 

i. ( .: ., c P n ?P°. ne . n ^ ) % interfering-signal ebmponent formed of at least one interfering-signal 
component portion, the wanted-signal- component portion having r a first training 
sequence associated therewith and the at least one interfering-signal component 
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portion having at least a secdnd 'training sequence associated therewith^the first and 
second training sequences respectively • seleetecl from a set of training seq'uerfces, the 
first training sequence of a value known to the receiver at least when the receive signal 
is- received, at the receiver,ian iffcproverrient : of a method for : at least determining the 
5 , value of the at least second training -sequence, satici-hiethoti cdmprisirig'ttfe* steps of: 
.. ;. - estimating groups of chai^ 

signal recced at the.receiver^theichatiriet estimates of each group representative of 
characteristics of estimated channels estimative of chainriels upon whicli the deceive 
signal is transmitted to the receiver, the channel estimates of each group including 
10 .j . estimates -of channels upon which 'interfering-signal component portions are 
7 :1 transmitted, the, interfering-signal component portions havirig'-associated therewith 
training sequences of the group of training sequences; u " * 

i -icioir. generating values ofi residual M^ereriee for each of' the groups of channel 
r . jestimates^3Jimated during said ste$> of estimating-; -and : ' : : 

15 t f i * . selecting a group of chanhelestfffiate's of the groups of channel estimates which 

exhibit a value of residual interference, generated 'during said" step of generating values 
of residual interference of a desired value, the training sequence associated with the 
r: f / , group of channel estimates determihed-to-b&th&'V^ training 
sequence^ : . ^jnsv r tsr. l~vi -:y,^^rrl i^^i^r'k- ^[*?i/ri:ii: c\ 'ihr^oo Ks'yz 

20 

^ M ; . .r., ^18. ; r:In:a:radip-irtceite^ sigftal, the receive 

.^signal formednpf a wmt^-sig^d xdmpon^ 
. • Ai 1 haying at least one int6rfering-signal xompdftent portion, the wahted-sfgnal rom^onent 
a ^hayi^a firstvtrainihg sequence- associated therewith -artd the at lfeast cme interfering- 
25 signal component portion having at least ^d'secd&d training -sequence "associated 
therewith, the first and second training sequences respectively, selected from a group 
vv'.s ^fjfr^ng sequ©^ toHhe receiver at 

i orL; Jea%when; the receive signal is? received ^ the an 
U: - apparatus for£stii?iating a chasinel upon which fee:rec«ive" J sigriaJ is-bahsmittedHo the 
30 , rad^o-^eceiyer,. said- apparatus .comprisingri'SH v a v- r ; ^.;;voc ; ; . ; *r . 
» u * - ^:irr:-/'hC r3 r ~i vac re r,$.s t «; •-•v.-.' - '-"cvy * v v : ~ 
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a joint detector selectably coupfod to receive at least indications -of the receive 
signal, said joint detector r fo^ jointly detecting the w^tetf-s?ignal component 
transmitted upon a wanted-srgnal channel together with the atleast one interfering 
component portion jtrainsmitted upon at least one interfering-signal channel; 

a wanted-si^nal detector selectably coupled to receive at least indications of the 
receive sighalisaid wanted signal, detector for detecting the wanted-signal component 



transmitted upon the A^^ted r signal,channeJ;-and ^ . v 

, a selector for selectably fbuplifig said joint detector and saici wanted signal 
detector to feceiye the at least indications of tHe receive "signal- 1 
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